Background The objective of this study is to determine the reliability and validity of ultrasonography (US) in diagnosing incisional hernias in comparison with computed tomography (CT). The CT scans were assessed by two radiologists in order to estimate the inter-observer variation and twice by one radiologist to estimate the intra-observer variation. Patients were evaluated after reconstruction for an abdominal aortic aneurysm or an aortoiliac occlusion. Methods Patients with a midline incision after undergoing reconstruction of an abdominal aortic aneurysm or aortoiliac occlusion were examined by CT scanning and US. Two radiologists evaluated the CT scans independently. One radiologist examined the CT scans twice. Discrepancies between the CT observations were resolved in a common evaluation session between the two radiologists.
Introduction
Incisional hernias, ventral hernias that manifest themselves through an operation scar, are a serious common complication of abdominal surgery. Incisional hernias occur in 11-23% of laparotomies and can give rise to serious morbidity, such as strangulation and incarceration [1] . Often, the diagnosis can be made on clinical examination. However, small hernias and hernias in obese patients can be diYcult to diagnose.
Diagnostic tools such as ultrasonography (US) and computed tomography (CT) are commonly used for imaging hernias. Most incisional hernias noted at cross-sectional imaging are incidental Wndings encountered during radiological examination for unrelated clinical problems. However, accurate demonstration of the size and location of the hernial oriWce may be useful in assessing the success of hernia repair. The accuracy of these methods and their place in the clinical management of hernias have not yet been fully determined.
In cases in which there is clinical uncertainty of the diagnosis of an incisional hernia, US or CT scanning can be used. The validity and inter-observer reliability of CT in the diagnosis of incisional, inguinal, and femoral hernias have been described in a preliminary study of 24 patients [2] . In this study, the gold standard was the situation found at operation. For two observers, the sensitivity was 0.83 and 0.83, the speciWcity 0.83 and 0.67, the positive predictive value 0.94 and 0.88, and the negative predictive value 0.63 and 0.5, respectively. The inter-observer Kappa statistic was 0.87. Although the ultrasonographic features of ventral hernias have been described, the reliability and validity of US in the diagnosis of ventral hernias have not been systematically studied [3] [4] [5] . A literature search did not reveal the existence of any systematic comparisons of CT scanning and US for use in the diagnosis of incisional hernias. However, an observational study compared ultrasound with CT scanning without describing reliability and validity [6] .
The objective of this study is to determine the reliability and validity of US in the diagnosis of incisional hernias. CT scanning was used as a comparison in the determination of the validity. A gold standard was lacking because these patients were not operated after the diagnosis of an incisional hernia. The study population was composed of a group of patients who had previously undergone open reconstruction for abdominal aortic aneurysm or aortoiliac occlusive disease. Patients with an abdominal aortic aneurysm have a high incidence of ventral hernias. For instance, in a study comparing US and magnetic resonance imaging (MRI), the incidence of incisional hernias was 31.7% after reconstruction for abdominal aortic aneurysm after a mean duration of follow-up of 48.6 months [7] . In a systematic literature review, the pooled incidence of a postoperative incision hernia was 21% in abdominal aortic aneurysm patients and 9.8% in patients with aortoiliac occlusive disease [8] .
Materials and methods
Forty patients (38 men, two women) who had undergone reconstruction for an abdominal aortic aneurysm or an aortoiliac occlusion between January 2002 and December 2006 at one single institution were selected for this study through the hospital administration system. The operation was required to have occurred at least one year prior to the study, because most incisional hernias develop in the Wrst year after surgery [9, 10] . Patients had undergone surgery through a midline incision by one of the two vascular surgeons. No other inclusion or exclusion criteria were used. These patients were examined by both CT scanning and US in November and December 2007. All US examinations were done by the same radiologist. This radiologist and another evaluated the CT scan independently. These radiologists were blinded to the outcome of the other diagnostic modality. One radiologist assessed the CT scans twice, with an interval of 4 weeks between assessments. In a common evaluation session, the two radiologists resolved the discrepancies between the three CT observations in order to develop a standard for comparison.
US examinations were performed using high-end ultrasound equipment (Aplio XG, model SSA-796A, Toshiba Medical Systems Corporation 1385, Shimoishigami, Otawara-Shi, Tochigi-Ken 324-8550, Japan, and ATL 5000, Philips, ATL factories, Bothell, USA) and linear transducer 5-12 MHz.
CT scanning was performed on a four-slice helical CT system (Asteion, Toshiba Medical Systems Corporation 1385, Shimoishigami, Otawara-Shi, Tochigi-Ken 324-8550, Japan) with the following protocols: 120 kVp, 200 mA, 0.75-s scan time, 3-mm slice thickness, 5.5 pitch.
The statistical methods assessed were the sensitivity, speciWcity, positive and negative predictive values, and positive and negative likelihood ratios. The Kappa coeYcient was used to estimate the inter-observer variation between the two radiologists who examined the CT scans independently and the intra-observer variation between the two observations of one radiologist. The Kappa coeYcient is an expression of the reproducibility of test results and can range from +1 to ¡1. If the agreement is perfect, the Kappa statistic has the value +1. Kappa gives the degree of agreement that has occurred over and above that which would have occurred by chance alone.
Results
After a mean follow-up of 3.4 years (standard deviation [SD] = 1.6), 40 patients were imaged after reconstruction for an abdominal aortic aneurysm (80% of the patients) or an aortoiliac occlusion (20%). Ninety-Wve percent of the patients were male. The mean age was 72.5 years (SD = 8.9). The prevalence of incisional hernias with CT scanning as the diagnostic modality after achieving consensus between the two radiologists was 24/40 = 60.0%. The prevalence was 59.4% in the abdominal aortic aneurysm group and 62.5% in the occlusive disease group. With US as the diagnostic modality, the prevalence was 17/ 40 = 42.5%.
In Table 1 , the results of the CT scan and US are presented in cross-tabular form. CT scanning revealed the presence of seven hernias that were not found during US imaging, while on US, no hernia was seen that was not found on CT scanning. The measure of agreement between CT scanning and US, expressed as a Kappa statistic, was 0.66 (95% conWdence interval [CI] 0.45-0.88).
In Table 2 , the results of US in the diagnosis of incisional hernia are presented using CT scanning as a comparison. The sensitivity of a US examination was 70.8% and the speciWcity was 100.0%. The predictive value of a positive US was 100.0% and that of a negative US was 69.6%. In other words, 100% of the patients with a positive US had a positive CT scan and 69.6% of the patients with a negative US had a negative CT scan.
The likelihood ratio of a positive US was inWnite, which means that the probability of a positive US being associated with a positive CT scan is an inWnite number of times greater than the probability of a positive US associated with a negative CT scan. The likelihood ratio of a negative US is 0.29, which means that the probability of a negative US coupled with a positive CT scan is 0.29 less than the probability of a negative US associated with a negative CT scan. Table 3 presents the results of the two radiologists in the diagnosis of incisional hernias with CT scanning. The inter-observer variation for CT scanning between the two radiologists expressed as a Kappa statistic was 0.74 (95% CI 0.54-0.95). Table 4 shows the results of one radiologist in the diagnosis of incisional hernias with CT scanning on two occasions, with an interval between assessments of 4 weeks. The intra-observer variation for CT scanning between the two examinations, expressed as a Kappa statistic, was 0.80 (95% CI 0.62-0.99).
Discussion
The sensitivity and negative predictive value of US in the diagnosis of incisional hernia were moderate in this study, because US yielded seven false-negative cases in the 24 patients who were CT positive for incisional hernia (29.2%). Nevertheless, the speciWcity and positive predictive value were very high, because no false-positive cases were diagnosed by US examination. Højer et al. [2] found a lower speciWcity but a higher sensitivity in the diagnosis of hernias by CT examination. However, they examined a smaller combined group of groin and incisional hernias. Moreover, their gold standard was the situation at operation and they used CT as their imaging study.
In our group of patients, the majority of whom had an abdominal aortic aneurysm reconstruction, we found a very high incidence (60.0%) of incisional hernias after a mean follow-up of 3.4 years. In comparison, the pooled analysis of Takagi et al. yielded an incidence of 21% in a total of 719 abdominal aortic aneurysm reconstruction patients [8] . However, most of the diagnoses included in the analysis were made clinically. Musella et al. [7] found an incidence of 31.7% for incisional hernias after a follow-up of 4 years in their patients, who were diagnosed by MRI and US. They concluded that US was unreliable in the early detection of anterior wall hernias and that US was more accurate in detecting normal rather than abnormal abdominal walls. This conclusion contradicts with our Wnding of high speciWcity and moderate sensitivity of US imaging.
Rodriguez et al. [11] found an incidence of 23% for abdominal wall hernias with CT scanning after open abdominal aortic aneurysm repair. Importantly, they concluded that clinical events and reinterventions related to these radiographic abnormalities are rare and that only 8% of the patients had clinical evidence of an incisional hernia. Our inter-observer Kappa statistic of 0.74 is lower than the value of 0.87 found by Højer et al. [2] , but the conWdence intervals are wide in studies with such small samples. The intra-observer consistency (Kappa = 0.80) is satisfactory in the light of the diYculty of reproducible, reliable clinical measurements [12] .
A drawback of our study is that no measurements of the size of the hernias was made. Therefore, the inXuence of the hernia size on the sensitivity could not be determined.
In conclusion, abdominal wall US is an eVective method for identifying incisional hernias, but it is only moderately accurate in detecting normal abdominal walls. The interand intra-observer reliability of CT examination for the diagnosis of incisional hernias is suYcient.
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